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Normal modes Propagation
The Pekeris waveguide is used to derive an estimation technique for radial wavenumbers for the modal structure of an acoustic field in a given environment. While these estimates are inadequate for coherent processing (such as matched field processing), they are nonetheless useful since they are adequate for waveguide invariant calculations and for environmental province boundary calculations.
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Memorandum Report 
This is a very useful model because it allows relatively simple calculations, and has many of the features of typical shallow water sites.
RADIAL WAVENUMBER ESTIMATION
The Pekeris dispersion relationship (1) implies the general bounds
on wavenumber as well as an expression for the number of trapped modes
Assuming the usual elliptical functional dependence of the wavenumber on modenumber, we write
where a is approximated by
This arrangement satisfies the bounds expressed in (2).
Equations (3 -5) allow a quick and dirty approximation of the modal wavenumbers at any point in a large and complicated environment. While such wavenumbers would not be adequate for phase coherent processing such as matched field localization, they would be adequate for tasks such as environmental provincing or calculation of the waveguide invariant 4 .
SIMULATION RESULTS
A simple 100 m deep Pekeris environment was constructed with an isovelocity water sound speed of 1500 m/s, a sediment sound speed of 1700 m/s, a water density of 1 g/cc, and a sediment density of 1.5 g/cc. Equations (3 -5) were applied to this environment to estimate the radial wavenumbers. Other estimates were also calculated for comparison. 
